

















simplified	 ‘perfectly	 flexible	 plastic’	 model	 is	 presented	 and	 used	 for	 computer	 modeling.	
The	model	does	not	capture	the	highly	plastic	and	nonlinear	behavior	of	cohesive	soils	under	
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S t r e s z c z e n i e
W	artykule	przedstawiono	podstawy	zagęszczania	dynamicznego	wraz	z	krótkim	opisem	jego	
stosowalności	 dla	 gruntów	 spoistych.	 Podstawowym	 tematem	 artykułu	 jest	 jednakże	 opis	
modelowania	tego	zjawiska.	Jest	on	oparty	na	danych	doświadczalnych	oraz,	ostatnio	rozwi-
niętych,	metodach	opartych	na	Metodzie	Elementów	Skończonych.	Przedstawiono	podstawy	
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Notation 
c –  cohesion	[kPa]
Cc –  wave	velocity	[m/s]
d		 –		 crater	depth	[m]
D	 –		 tamper	diameter	[m]
E  –		 elastic	modulus	[kPa]
f  –		 wave	propagation	frequency	[Hz]
F  –		 force	[MN]
G  –		 shear	modulus	[kPa]
H  –		 tampering	height	[m]
M  –		 constrained	modulus	[kPa]
t  –		 time	[s]
W  –		 tamper	weight	[Mg]
H  –		 tampering	height	[m]
λ  –		 wave	length	[m]
ρ	 –		 density	[Mg/m3]
υ  –		 Poisson’s	ratio	[–]
φ  –		 friction	angle	[deg]











parameters	of	soils	are	 then	greatly	 improved	(albeit	only	 in	 the	vicinity	of	actual	 impact	













Compaction	 of	 granular	 and	 fine	 soils.	 Firstly,	 there	 are	 water-pore	 pressure	 issues.	 In	
coarse,	granular	soils	after	tampering,	water	is	filtered	away	through	small	pores	between	
the	 grains.	The	water	 pressure	 slowly	decreases	 after	 that.	This	 process	 can	 take	 a	 few	






In	fine	 soils	 a	 large	part	 of	 air	 trapped	 in	 the	 soil	 pores	 does	not	 escape	during	dynamic	














of	 both,	 but	 there	 is	 a	 need	 for	 good	modeling	 tools	 and	 guidelines.	 Louis	Mennard	 has	
proposed	some	rough	estimations	[2,	3],	based	on	actual	engineering	practice,	but	a	more	












the	 linear	 equivalent	 viscous-elastic	 theory	 are	 introduced	 and	 implemented.	 However,	
they	are	not	realistic	for	a	medium	like	soils	characterized	by	complicated	behavior	under	












The	model	 is	based	on	dividing	an	effective	stress	 tensor	so	that	 the	spherical	and	the	
deviator	 stress	which	determine	 the	 behavior	 are	 seen.	The	 theory	was	 implemented	 into	




deformation	 and	 strain	 analysis	 of	 partially	 or	 fully	 saturated	 granular	 soils,	 using	 three-
phase	continuum	theory	[7].	
Firstly,	 the	 energy	 expressions	 for	 the	 constitutive	 models	 are	 given.	 They	 are	 then	
related	to	effective	stresses	and	deformations	of	the	soil	matrix,	the	pressures	and	the	volume	
changes.	Also,	 perhaps	 most	 importantly,	 they	 are	 linked	 to	 the	 seepage	 forces	 and	 the	
corresponding	 pressure	 gradients.	The	 dissipation	 inequality	 is	 then	 calculated	 as	well	 as	
condition	of	 convexity	of	 the	yield	 function	 [7].	Next,	 conditions	describing	deformation	
bands	for	drained	and	undrained	states	are	given.	Finally,	specific	constitutive	models	 for	




3. Force – load function 
Another	 approach	 was	 proposed	 in	 [8].	 Here,	 to	 overcome	 the	 general	 problem	 of	
dynamic	loads,	a	different	modeling	tool	has	been	developed.	A	specially	constructed	force-
time	function	was	superimposed	on	a	fairly	classic	elastic	model.	This	has	led	to	a	hybrid	
model,	 which	 was	 then	 introduced	 into	 the	 widely	 used	 Finite	 Element	 Method	 (FE)	
software.	This	approach	is	especially	interesting	for	 the	author,	although	another	software	




The	 proposed	 function	 [8]	 consists	 of	 two	 parts:	 The	 left	 (ascending)	 part	 and	 the	












occurs	 in	 the	 very	 last	 part	 (about	 0.045s).	This	 can	 be	 easily	 rectified	 by	 using	 a	more	
complicated	polynominal	function,	or	another	type	of	interpolation,	but	it	seems	to	have	no	
big	impact	on	the	results.	
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